Introduction
============

In the last few decades, extensive research has produced remarkable advances in our understanding of biological and genetic cancer mechanisms, among which realization of tumor cell apoptosis and migration is the most important. Apoptosis is a genetically encoded cell death program that directly regulates tumorigenesis.[@b1-ott-11-8791] Aberrations in the regulation of a restricted number of key pathways that control cell proliferation and cell survival are mandatory for establishment of all tumors. Deregulated cell proliferation with suppressed apoptosis constitute the minimal common platform upon which all neoplastic evolution occurs.[@b2-ott-11-8791] Also, cancer metastasis, which requires cancer cells to survive and proliferate outside their tissue of origin, is the most life-threatening aspect of cancer.[@b3-ott-11-8791] It is a complex and highly coordinated cell migration process that is regulated by such genes as the *EGFR* family, *PAK* family, *cMET*, and *PTEN*.[@b4-ott-11-8791] As such, therapies that target cancer cell apoptosis and metastasis might have great impact on the survival of cancer patients.

Colorectal cancer (CRC) is one of the most commonly diagnosed cancers in the world and has high risk of affecting the entire length of the large intestine and rectum.[@b5-ott-11-8791] It remains the third-most prevalent cause of death among the different types of cancer worldwide and the second-leading cause of cancer death in Western society.[@b6-ott-11-8791],[@b7-ott-11-8791] Approximately 50%--70% patients have developed distant metastases when diagnosed. Overall survival for patients with unresectable metastatic CRC is poor, with median survival of \~24--27 months and 5-year survival of 10%--15%.[@b8-ott-11-8791] CRC patients with distant metastasis are not suitable candidates for conventional surgery, chemotherapy, or radiotherapy.[@b9-ott-11-8791],[@b10-ott-11-8791] Therefore, better understanding of the underlying molecular mechanism of CRC cell apoptosis and invasion is essential for developing novel diagnostic and therapeutic strategies.

The KRAS protein spans 2 kDa, encodes Ras p21, and is involved in the G-protein signal transduction pathway, influencing cellular proliferation and differentiation.[@b11-ott-11-8791] *KRAS* mutations are routinely used as a predictive biomarker for EGFR-targeted therapy.[@b12-ott-11-8791] *BRAF*, an *RAF* gene family serine/threonine kinase, is a downstream effector of KRAS in the RAS--RAF--MAPK signaling pathway. Basically, the *BRAF*^V600E^ mutation is present in about 8%--10% of CRC cases.[@b13-ott-11-8791] *BRAF* mutation has been used to differentiate between familial and sporadic CRC. Currently, there are no prognostic biomarkers available that can provide clear clues about the likelihood recurrence, metastasis, or CRC cases that are difficult to treat with chemotherapy. Therefore, finding new biomarkers is essential.[@b14-ott-11-8791]

Recent studies show that some miRNAs regulate cell proliferation and apoptosis processes that are important in cancer formation. By using multiple molecular techniques, which include Northern blot analysis, real-time PCR, miRNA microarray, up- or down-expression of specific miRNAs, it was found that several miRNAs were directly involved in human cancers, including lung, breast, brain, liver, colon cancer, and leukemia. Deregulation in miRNA expression correlates with various cancers by acting as tumor suppressors and oncogenes. miRNA is an important biomarker for CRC, and a series of studies have indicated the involvement of miRNAs in CRC. The first study on the diagnostic usefulness of serum-based miRNA biomarkers in CRC reported that a subset of 69 miRNAs was highly expressed in CRC patients compared to healthy controls. Additionally, 14 of these serum-based miRNAs from CRC patients were not detectable in those with lung cancer, highlighting the CRC specificity of these miRNAs.[@b15-ott-11-8791] Other studies have indicated that miR21 is a biomarker for the early detection of CRC, and the direct target of miR21 was confirmed to be Pdcd4.[@b16-ott-11-8791]--[@b18-ott-11-8791] In addition, studies have revealed that miR598 can inhibit metastasis in CRC by suppressing the JAG1--Notch2 pathway, stimulating epithelial--mesenchymal transition, and that miR363-3p can restrain epithelial--mesenchymal transition and suppress metastasis in CRC by targeting Sox4. A series of studies have indicated the involvement of miRNAs in CRC. Some research has indicated that miR486-3p can be a biomarker for the detection of tongue squamous cell carcinoma and retinoblastoma.[@b19-ott-11-8791],[@b20-ott-11-8791] Also, research has shown that *KRAS* mutation was associated with upregulation of miR486-3p in primary tumors of 60 patients with metastatic CRC.[@b21-ott-11-8791] However, the biological roles of miR486-3p in CRC are still poorly understood.

BIK is the founding member of the BH3-only family of proapoptotic proteins.[@b22-ott-11-8791] BIK is predominantly localized in the endoplasmic reticulum (ER) and induces apoptosis through the mitochondrial pathway by mobilizing calcium from the ER to the mitochondria.[@b23-ott-11-8791],[@b24-ott-11-8791] BIK interacts strongly with several antiapoptotic proteins, such as BCL2, E1B19K and BCLxL, and exhibits potent cell death activity when expressed autonomously. This activity is suppressed by coexpression of BCL2, BCLxL, and E1B19K, suggesting that BIK might be an important target for cellular and viral antiapoptosis proteins. BIK-mediated apoptosis is mediated by selective activation of BAX, whereas BIK also induces nonapoptotic cell death in certain cells by unknown mechanisms. Several anticancer drugs activate *BIK* gene expression through transcriptional pathways dependent on such factors as E2F and p53 or by removal of epigenetic marks on chromatin. At the same time, BIK has also been used as a therapeutic molecule to treat difficult cancers in gene therapy.

In this study, miR486-3p expression was examined in CRC cell lines and normal colonic epithelial cells. Roles of miR486-3p in CRC cells were investigated, which included cell proliferation, apoptosis, and metastasis. It was also verified that miR486-3p acted as an oncogene in CRC by targeting BIK. The specific aim of the study was to investigate and verify the role of miR486-3p in CRC. In-depth study on the molecular mechanisms will provide new strategies and methods for the treatment of CRC.

Methods
=======

Cell lines and cell culture
---------------------------

The human CRC cell lines SW620 and HT29 and the normal colon cell line NCM460 were obtained from American Type Culture Collection (ATCC, Manassas, VA, USA) and cultured in DMEM (Thermo Fisher Scientific, Waltham, MA, USA) supplemented with 10% FBS, 100 mg/mL streptomycin, and 100 U/mL penicillin. Cultures were maintained in an incubator at 37°C in 5% CO~2~.

Cell transfection
-----------------

For transfection, Lipofectamine 2000 transfection reagent (Thermo Fisher Scientific) was used. miR486-3p mimics, inhibitors, and negative control were purchased from GenePharma (Shanghai, China). *BIK* siRNA was synthesized and chemically modified by Santa Cruz Biotechnology (Dallas, TX, USA). All transfections were performed according to manufacturers' recommended protocols. Cells were then cultured for 24 hours for further analysis.

MTT cell viability assay
------------------------

Cell viability was measured with an MTT assay kit (Beyotime, Haimen, China) 24 hours after transfection according to the manufacturer's protocol. OD~450~ was measured using a Synergy 2 multifunction microplate reader (BioTek, Winooski, VT, USA). Each experiment was independently repeated three times.

Cell apoptosis
--------------

After transfection with miRNAs or siRNAs, cells were seeded in six-well plates at 3×10^4^ per well and cultured for 48 hours. Cells were subsequently harvested and double-stained with fluorescein isothiocyanate-conjugated annexin V and propidium iodide (BD Biosciences, San Diego, CA, USA). Then, apoptosis rates were analyzed with flow cytometry (FACSCalibur, BD Biosciences).

Wound-healing assays
--------------------

Cell migration was evaluated by wound-healing assays performed 24 hours after transfection. Briefly, confluent monolayers of CRC cells cultured in the six-well plates were mechanically wounded by dragging a 10 µL sterile plastic tip at the center of the well. Cells were washed with PBS to remove cellular debris and allowed to migrate for 12 hours. Cells migrating into wound areas were visualized and photographed. All experiments were repeated at least three times.

Transwell invasion assay
------------------------

The migratory and invasive ability of CRC cells were examined basing on their ability to cross the 8 mm pores of migration chambers. Cells were plated in the upper transwell chambers, whereas DMEM with 10% FBS was added to the lower chamber as a chemoattractant. After incubation for 24 hours, nonmigrated cells in the upper chamber were removed using a cotton swab, and migrated cells on the bottom of the transwell were fixed in 4% paraformaldehyde and stained with 0.2% crystal violet (Sigma-Aldrich, St Louis, MO, USA). Migrated cells were counted in five randomly selected microscopic fields and photographed (magnification 100×).

RNA isolation and quantitative reverse transcription (RT)-PCR
-------------------------------------------------------------

Total RNA was isolated from SW620, HT29, or NCM460 cells using Trizol reagent (Thermo Fisher Scientific) according to the manufacturer's instructions. RT was performed using a PrimeScript RT-reagent kit (Takara Bio, Kusatsu, Japan). For quantitative RT-PCR of miRNA, total RNA was reverse transcribed using a stem-loop primer (RiboBio, Guangzhou, China). Oligo(dT)12--18 or miRNA-specific primers were added to initiate cDNA synthesis. PCR was carried out using a Step One Plus real-time PCR system (Thermo Fisher Scientific) and SYBR premix Ex Taq II (Takara Bio). U6 was used as an endogenous control. For mRNA evaluation, synthesis of cDNA was performed using an RNA PCR kit (Takara, Japan), and quantitative real-time PCR was carried out using the SYBR premix Ex Taq II kit according to the manufacturer's instructions. GAPDH was used as an endogenous control. All reactions were performed in triplicate. The 2^−ΔΔCt^ method was adopted and applied to calculate the relative quantities of each gene.

Western blot
------------

Primary antibodies for BIK, Apaf1, pERK1/2, and ERK1/2 were obtained from Abcam (Cambridge, UK). Primary antibodies for cytochrome c, caspase 9, and caspase 3 were from Beyotime. Secondary antibodies were from Santa Cruz Biotechnology. Total protein lysates extracted from cells were quantified using a BCA protein assay kit (Beyotime). Equal amounts of total protein lysates were separated with 10% SDS-PAGE and transferred to a polyvinylidene fluoride membrane (Millipore, Billerica, MA, USA). Membranes were blocked with 5% nonfat milk, followed by incubation overnight at 4°C with primary antibodies. Membranes were then incubated with horseradish peroxidase-conjugated secondary antibodies and visualized using SuperSignal West Pico chemiluminescent substrate (Thermo Fisher Scientific). GAPDH was used as an internal control.

Luciferase reporter assay
-------------------------

The full-length of the *BIK* 3′UTR sequence was amplified from human cDNA. Wild-type and mutated 3′UTR regions of *BIK* were cloned into the XbaI site of pGL3 (Promega, Fitchburg, WI, USA). Site-directed mutagenesis of the miR486-3p target site in the BIK 3′UTR was carried out using a QuikChange Lightning site-directed mutagenesis kit (Agilent Technologies, Santa Clara, CA, USA) according to the manufacturer's instructions. For reporter assays, cells were seeded in 24-well plates and cultured for 14--16 hours before transfection. 3′UTR plasmids were cotransfected in SW620 cells using Lipofectamine 2000. Reporter assays were performed 24 hours posttransfection using a dual luciferase assay system (Promega). Relative *Renilla* luciferase activities were normalized to firefly luciferase activities and used as an internal control for transfection efficiency.

Statistical analysis
--------------------

Statistical analysis was performed using GraphPad Prism (GraphPad Software, San Diego, CA, USA). Values presented in this study are means±SD with Student's *t*-test or one-way ANOVA. Differences were considered significant at *P*\<0.05.

Results
=======

Upregulation of miR486-3p and downregulation of BIK in malignant colorectal cancer cell lines
---------------------------------------------------------------------------------------------

miR486-3p-expression levels in the two malignant CRC cell lines and the normal colorectal cell line were initially determined by RT-PCR. As shown in [Figure 1A](#f1-ott-11-8791){ref-type="fig"}, compared with the normal colorectal cell line, a notable increase in miR486-3p was observed in both HT29 and SW620 CRC cells. To evaluate the expression of BIK in malignant CRC cell lines, we utilized RT-PCR and Western blot to analyze mRNA and protein levels of BIK, respectively. As shown in [Figure 1B--D](#f1-ott-11-8791){ref-type="fig"}, both mRNA and protein levels of BIK were obviously decreased in both HT29 and SW620 CRC cells. The results suggested that upregulation of miR486-3p may have some correlation with downregulation of BIK in malignant CRC.

BIK 3′UTR a direct target for miR486-3p
---------------------------------------

Base pairing between the 3′UTR of mRNA and "seed sequence" located in the 5′-end of miRNA are indispensable for estimating whether targeting miRNA leads to mRNA degradation or translation inhibition.[@b25-ott-11-8791] To explore the potential target of miR486-3p, we performed bioinformatic analysis on the TargetScan and miRWalk websites and discovered that the 3′UTR of *BIK* contained regions matching the seed sequences of miR486-3p ([Figure 2A](#f2-ott-11-8791){ref-type="fig"}). To test whether miR486-3p directly targeted the 3′UTR of *BIK*, we performed a dual luciferase reporter assay in our study. As shown in [Figure 2B](#f2-ott-11-8791){ref-type="fig"}, miR486-3p significantly decreased the luciferase activity of the *BIK* 3′UTR in CRC cells (*P*\<0.05), but not the mutant sequence of the 3′UTR of *BIK*. These results indicated that the *BIK* 3′UTR is a direct target for miR486-3p.

To confirm the targeting effect of miR486-3p on BIK expression, we examined mRNA- and protein-expression levels of BIK by RT-PCR and Western blot, respectively, after transfection of miR486-3p mimics or inhibitors. As demonstrated in [Figure 2C](#f2-ott-11-8791){ref-type="fig"}, transfection with miR486-3p inhibitors led to a remarkable increase in *BIK* mRNA level, while transfection with miR486-3p mimics led to significant downregulation of BIK, the trend of which was consistent with *BIK* siRNA transfection. The results of Western blot assay ([Figure 2D](#f2-ott-11-8791){ref-type="fig"}) further verified that miR486-3p negatively regulated the expression of BIK.

Downregulation of miR486-3p suppresses cell proliferation, migration, and invasion in vitro
-------------------------------------------------------------------------------------------

To elucidate further the biological role of miR486-3p in CRC, we investigated the effects of miR486-3p on CRC cell proliferation, migration, and invasion. MTT assay data in [Figure 3A](#f3-ott-11-8791){ref-type="fig"} shows that BIK silencing enhanced CRC cell proliferation, which was consistent with the group transfected with miR486-3p mimics. However, miR486-3p knockdown significantly inhibited CRC cell proliferation (*P*\<0.01). The results suggested that miR486-3p may act as an oncogene in CRC. Then, wound-healing and transwell assays were conducted to investigate the roles of BIK and miR486-3p in the regulation of CRC cell migration and invasion. As demonstrated in [Figure 3B and C](#f3-ott-11-8791){ref-type="fig"}, transfection with *BIK* siRNA or miR486-3p mimics notably promoted CRC cell migration and invasion, whereas transfection with miR486-3p inhibitors played a contrary role in the regulation of migration and invasion of CRC cells in vitro. These results indicated that miR486-3p may play a positive role in CRC metastasis.

Downregulation of miR486-3p promotes CRC cell apoptosis
-------------------------------------------------------

We performed annexin V--fluorescein isothiocyanate double-staining flow cytometry analysis to evaluate the effect of miR486-3p on apoptosis in CRC cells. As shown in [Figure 4](#f4-ott-11-8791){ref-type="fig"}, compared with the negative control group, cells transfected with miR486-3p inhibitors significantly promoted apoptosis, whereas cells transfected with BIK siRNA or miR486-3p resulted in a small degree of apoptosis. SW620 and HT29 cell lines presented similar apoptosis trends. The data demonstrated that miR486-3p inhibits apoptosis of CRC cells.

Upregulation of miR486-3p inhibits mitochondrial apoptosis pathway
------------------------------------------------------------------

BIK is a proapoptotic tumor suppressor in several human tissue types, and BIK-induced apoptosis may be closely related to the mitochondrial apoptosis pathway.[@b26-ott-11-8791] In the aforementioned experiments, we demonstrated that miR486-3p directly targeted BIK in CRC tumorigenesis. To reveal the underlying molecular mechanism of this targeting effect, we investigated the alteration in key signals of the mitochondrial apoptosis pathway in CRC cells after transfection. As shown in [Figure 5](#f5-ott-11-8791){ref-type="fig"}, upregulation of miR486-3p significantly suppressed the expression of cytochrome c, APAF1, caspase 9, and caspase 3, but increased the expression of pERK1/2, while downregulation of miR486-3p presented a contrary effect on the expression of these signals. Also, compared with the miR486-3p-mimic group, cells transfected with *BIK* siRNA had a parallel effect on the expression level of proteins. The results proved that miR486-3p may work as a carcinogenic gene in the occurrence and development of CRC through modulating the mitochondrial apoptosis pathway.

Discussion
==========

Behind cardiovascular and infectious diseases, cancer-related mortality is the third-most common cause of death worldwide.[@b27-ott-11-8791] Uncontrolled proliferation of damaged cells as a result of deregulation of genes involved in cell cycle machinery and apoptosis leads to tumor formation.[@b28-ott-11-8791] Conventional treatments for cancer depend on radiotherapy, chemotherapy, interventional therapy, and surgery. However, serious side effects and high surgical risk and recurrence rate force us to explore new ways for cancer diagnosis and therapy. Over the years, miRNAs have been detected in many types of tissue and body fluid, and control and regulate several vital cellular processes, such as proliferation, differentiation, cell cycle, and apoptosis. Seen from the molecular level, on the other hand, miRNAs can silence target genes efficiently and regulate a broad set of genes of interest simultaneously, which benefits treatment of cancer as a heterogenic disease.[@b29-ott-11-8791] Many studies have evaluated the feasibility of employing miRNAs as diagnostic and prognostic markers for CRC. For example, the miR126 class has been used as a prognostic marker for CRC to determine sensitivity toward a particular drug. miR31 acts as an oncomir and is known to modulate response to chemotherapeutic drug and inhibit cell proliferation.

miR48plays a critical role in regulating human erythroid differentiation and has been demonstrated to be abnormally expressed in several tumors. Ye et al[@b30-ott-11-8791] found that miR486-3p is a tumor suppressor that directly targets ECM1 to repress cell proliferation and metastasis in cervical cancer, and there is a report showing that miR486-3p levels are increased in papillary thyroid carcinoma.[@b31-ott-11-8791] However, no literature has reported the role of miR486-3p in CRC. In this study, we observed a notable increase in miR486-3p in both HT29 and SW620 CRC cells. By using prediction software, we found that *BIK* was a target gene with high miR486-3p score in CRC. The targeting relationship between miR486-3p and BIK was verified by dual luciferase reporter assay. BIK is the founding member of the BH3-only family proapoptotic proteins.[@b26-ott-11-8791] It is a critical effector in apoptosis. Shore et al showed that ER-localized BIK induced apoptosis through the mitochondrial pathway that resulted in cytochrome c release.[@b32-ott-11-8791]--[@b34-ott-11-8791] Our study demonstrated that BIK mRNA and protein levels were downregulated in malignant CRC cell lines. Downregulation of miR486-3p led to a remarkable increase in *BIK* mRNA levels and further suppressed cell proliferation, migration, and invasion, but promoted CRC cell apoptosis.

Researchers have discovered that dysregulation of apoptosis occurs in cancer cells. Some of the ways in which aberrant regulation of cell death genes contributes to aggressive behaviors of malignant cells have been highlighted. The mitochondrial apoptosis pathway is one of the most important and well-researched apoptosis pathways of cells. Mitochondria can be induced to release cytochrome c in response to death stimuli. Release of cytochrome c into the cytosol results in APAF activation and subsequent activation of caspases that induce apoptosis.[@b35-ott-11-8791] In our study, we found that upregulation of miR486-3p significantly suppressed the expression of cytochrome c, APAF1, caspase 9, and caspase 3, which revealed the underlying molecular mechanism of CRC cells' aggressive behavior. In addition, we discovered that upregulation of miR486-3p significantly increased pERK1/2 expression, which may account for the metastatic behavior of CRC cells.

In conclusion, in this study, we found that miR486-3p was a significantly upregulated miRNA in CRC. Further studies confirmed that miR486-3p regulated CRC cell proliferation, apoptosis, and metastasis by directly targeting BIK. It was also verified that miR486-3p was negatively related to BIK expression. These findings suggest that miR486-3p is an oncogene in CRC. Gene therapy using miR486-3p inhibition may provide a new avenue for CRC therapy.
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![Upregulation of miR486-3p and downregulation of BIK in malignant colorectal cancer cell lines.\
**Notes:** (**A**) Expression level of miR486-3p determined by reverse-transcription PCR; (**B**) mRNA level of *BIK* determined by reverse-transcription PCR; (**C**) protein level of BIK determined by Western blot; (**D**) densitometry analysis of BIK protein level. \*\**P*\<0.01.](ott-11-8791Fig1){#f1-ott-11-8791}
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The *BIK* 3′UTR is a direct target for miR486-3p.

**Notes:** (**A**) Base pairing of BIK and miR486-3p; (**B**) dual luciferase reporter assay; (**C**) mRNA-expression level of *BIK* after transfection; (**D**) protein level of BIK after transfection. \**P*\<0.05; \*\**P*\<0.01.

**Abbreviations:** NC, negative control; WT, wild type.
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![Downregulation of miR486-3p suppresses cell proliferation, migration, and invasion in vitro.\
**Notes:** (**A**) MTT assay of colorectal cancer (CRC) cells after transfection; (**B**) microscopy of wound-healing assays in CRC cells after transfection; (**C**) microscopy of transwell invasion experiments in CRC cells after transfection. \**P*\<0.05; \*\**P*\<0.01.\
**Abbreviation:** NC, negative control.](ott-11-8791Fig3){#f3-ott-11-8791}

![Downregulation of miR486-3p promotes colorectal cancer-cell apoptosis.\
**Abbreviation:** NC, negative control.](ott-11-8791Fig4){#f4-ott-11-8791}

![Upregulation of miR486-3p inhibits mitochondrial apoptosis pathway.\
**Notes:** (**A**) Key protein-expression levels of mitochondrial apoptosis pathway in SW620; (**B**) key protein-expression levels of mitochondrial apoptosis pathway in HT29. \**P*\<0.05; \*\**P*\<0.01.\
**Abbreviation:** NC, negative control.](ott-11-8791Fig5){#f5-ott-11-8791}
